Photodissociation of jet-cooled HOD via the C state around 124 nm has been studied using the H(D)-atom Rydberg tagging time-of-flight technique. Rotational state resolved action spectrum and the product translational energy distribution spectra have been recorded for both D+OH and H+OD dissociation channels. Product channel OH/OD branching ratios for the individual C-X rotational transition have been determined. A comparison is also given with the B-X and A-X transitions. In addition, the dissociation energy of the OD bond in HOD has been determined accurately to be 41751.3±5 cm −1 .
I. INTRODUCTION
Photodissociation of water molecules in the vacuum ultraviolet (VUV) region is important in atmospheric chemistry and interstellar chemistry, and has been the subject of extensive experimental and theoretical studies over several decades [1, 2] . Interesting photodissociaton dynamics of several electronic states,
, and D 1 A 1 , have been revealed. These electronic states were found to be strongly coupled to each other. Excitation of the water molecule to the lowest excited state, A 1 B 1 , results in a direct dissociation that produces an H atom plus a ground state OH(X 2 Π) radical [3−5] . For dissociation of water via the B 1 A 1 state, the OH products in the A 2 Σ + state as well as in the X 2 Π state, with extremely high rotational excitation, are produced. The OH(X 2 Π) product channel occurs via two non-adiabatic dissociation pathways from the B state: Renner-Teller coupling to A 1 B 1 and conical intersections between B 1 A 1 and X 1 A 1 [6−10] . For dissociation via the D 1 A 1 state, the water molecule breaks up via a fast predissociation mechanism due to the strong nonadiabatic coupling to the B 1 A 1 state [11] . All these three excited electronic states have very short lifetimes in the range of ten femtoseconds. The absorption spectra of these states all show broad continua in the VUV region.
The absorption spectrum of the C 1 B 1 ← X 1 A 1 transition peaked at 124 nm, however, consists of several sharp peaks that can be assigned to individual * Authors to whom correspondence should be addressed. E-mail: xmyang@dicp.ac.cn, kjyuan@dicp.ac.cn rotational transitions. The experimentally measured linewidths of these transitions suggest that the C 1 B 1 state has a lifetime (a few picoseconds) that is roughly two orders of magnitude longer than that of the nearby three excited electronic states. This suggests that the coupling of the C 1 B 1 state to other states are much weaker than the B and D electronic states. Photodissociation of the C 1 B 1 state has also served as the model system for studying the rotational state specific photodissociation. Two distinctive predissociation mechanisms, homogeneous and heterogeneous dissociation mechanisms, have been indicated previously by resonance enhanced multiphoton ionization (REMPI) studies [12, 13] . Recently, the rotational state specific photodissociation dynamics of the C 1 B 1 state of the H 2 O molecule have been studied in our laboratory, using the sensitive H-atom Rydberg tagging technique, in combination with a strong tunable VUV light source [14] . These results indicate that the photodissociation process occurs exclusively through a homogeneous nonadiabatic coupling to the Recently, the HOD photodissociation via the same C 1 B 1 state has also been investigated [15] . The action spectrum of the C 1 B 1 ← X 1 A 1 band has also been obtained [15] . The rotational oscillations in product OH(X) and OD(X) population, most striking for the OH case, were attributed to the symmetry properties of the product rotational wavefunctions around the coupling angle of 90
• accompanying non-adiabatic transfer from the C state to the A state [15] . In addition, we have also carried out the two-photon dissociation studies of H 2 O, D 2 O, and HOD via the C 1 B 1 state, which is a natural extension of our previous water photochemistry studies [16−18] .
It is known that vibrationally mediated selective bond photodissociation process leads to variation of branching ratios [19−21] , however, few studies have been carried out on the effect of rotational excitation on the branching ratios in molecular photochemistry. In this work, we will present our recent experimental results on the rotational specific HOD photodissociation in the C state, especially the results of the rotational excitation effect on the branching ratios of the two dissociation channels. In addition, accurate dissociation energy of the OD bond, D 0 (D−OH), in HOD has also been determined in this work.
II. EXPERIMENTS
The Rydberg H(D)-atom time-of-flight technique [22, 23] , in combination with a tunable VUV laser source developed in our laboratory [24] , has been utilized in the study of the photodissociation dynamics of the HOD molecule via the C state. The experimental scheme used in this work is almost exactly the same as our previous works [14−18] . The HOD sample was prepared by premixing H 2 O and D 2 O samples with a 1:1 ratio at room temperature, and then expanded together with Ar through a pulsed valve at a stagnation pressure of 80−120 kPa. In the beam, H 2 O, HOD and D 2 O are also present. The jet-cooled molecular beam was incepted by a tunable VUV photolysis light beam as well as the Rydberg tagging detection laser beams. The VUV photolysis light source around 124 nm as well as 121.6 nm light beam for Lyman α line pumping of the H(D)-atom was generated using the two-photon resonant four-wave mixing scheme in a clean gas cell filled with Krypton gas (about 0.8 kPa) [25] . In the photodissociation region, the product H(D) atoms were then detected by the H(D)-atom Rydberg "tagging" technique in which the H(D) atoms were excited from the ground state to a high Rydberg state via a two-step efficient excitation scheme: the VUV laser (about 121.6 nm) pumps the H(D) atoms from n=1 to n=2, and the UV laser (about 365 nm) then excites them from n=2 to the high Rydberg state (n=30−80). The Rydberg tagged H(D) atoms, after flying a certain distance, were detected by a Z-stack microchannel plate (MCP) detector. The signals were counted by a multi-channel scaler (MCS) system. Since the detection laser 121.6 nm can also generate H(D) signals, background subtraction was made by alternating the VUV photolysis laser on and off. Background signals by 121.6 nm were suppressed so that they were maintained at about ten times smaller than FIG. 1 The action spectrum of the C-X transition band for HOD near 124 nm. This figure is adapted from Ref. [15] .
the tunable VUV photolysis signals from HOD.
III. RESULTS AND DISCUSSION
The action spectrum for the C-X absorption band around 124 nm from photodissociation of HOD is shown in Fig.1 , which is adapted from Ref. [15] . According to the transition selection rules, the rotational transitions can be assigned as
In this action spectrum, five clearly resolved rotational lines at 80650.8, 80667.8, 80696.1, 80713.6, and 80728.1 cm −1 are labeled as 0 00 -1 10 , 1 01 -1 11 , 1 11 -1 01 , 1 10 -0 00 , and 2 11 -1 01 , respectively. For each of the rotational transitions, we have measured the H and D products time-of-flight (TOF) spectra. From these TOF spectra, product translational energy distributions are obtained. Figure 2 shows the total product translational energy distributions via 0 00 -1 10 and 1 10 -0 00 transitions with both perpendicular and parallel photolysis laser polarizations for the H+OD channel via the C 1 B 1 state, while Fig.3 shows the total product translational energy distributions via 0 00 -1 10 and 1 10 -0 00 transitions with two different photolysis laser polarizations for the D+OH channel via the C 1 B 1 state. The observed structures can all be assigned to the OH and OD rovibrational states in the A and X electronic states. The electronic excited OH(A)/OD(A) products are also prominent with the translational energy E t smaller than 5300 cm −1 , while the OH(X)/OD(X) products are located in the spectra with the E t larger than 5300 cm −1 . From these translational energy spectra, one can construct the three dimensional (3D) product contour plots for photodissociation of HOD via all five transitions. Figures 4 and 5 show the 3D product contour plots for the five rotational lines of the HOD C-X band for both H+OD and D+OH channels. There are two groups in each plot: the inner group corresponds to the levels of the excited A 2 Σ + state of OH/OD, and the outer group strictly through the whole experimental process. In the experiment, the detection conditions (laser powers etc.) are maintained the same for the H and D atom detections. Therefore, the detection efficiency for the H and D atoms should be the same in this experiment. Figure 6 shows the total product translational energy distributions for H+OD channel and D+OH channel of the 1 10 -0 00 transition at the magic angle 54.7
• . The elementary assignments have been made for OD(X, v=0) and OD(A, v=0) in Fig.6(a) , as well as OH(X, v), OH(A, v) and OH(X, v=0) in Fig.6(b) . It might be noted that the remarkable rotational states N =45, 46, 47, and 48 for product OH(X, v=0) have been observed from HOD via its B state at 121.6 nm [9] . However, because of the lower photolysis energies in this experiment, the "super-rotationally" excited states above the dissociation limit of OH(X 2 Π) have disappeared [9] . By integrating each rovibrational peak, the quantum yields for both channels can be obtained, thereby their ratio will be considered to be the branching ratio. The branching ratios for C← X bond of all five rotational transitions 0 00 -1 10 , 1 01 -1 11 , 1 11 -1 01 , 1 10 -1 00 , and 2 11 -1 01 are 1.31±0.05, 1.15±0.05, 1.10±0.05, 1.28±0.05 and 0.82±0.05, respectively. All these branching ratios are close to the value of 1. This means that the OD+H and OH+D channels are approximately equally populated. Interestingly four branching ratios (OD/OH) of the C← X rotational transitions are larger than 1, while that of the transition 2 11 -1 01 is smaller than 1. This means that the dissociation process of HOD via the C 1 B 1 state mostly favors the route to the H+OD channel. It is not immediately clear why the transition 2 11 -1 01 shows a different branching ratio from the other four transitions. In previous experimental studies, the branching ratios of the B and A state dissociation have been estimated to be 1.66±0.50 [26] and 4±1 [27] or 2.46±15% [4] . Generally, our experimental results are in agreement with the value by Lee and coworkers [26] . The general trend seems in accord with the theoretical prediction that the isotopic branching ratio (OD/OH) is a strong function of the frequency of the dissociation photon [28] . Up to now, full three-dimensional quantum mechanical calculations have been performed only for the A state dissociation. More accurate theoretical investigations for the upper electronic states are needed in order to understand the dynamical origin of the variation of the branching ratios via different electronic states.
In addition to the branching ratio determination, accurate dissociation energy of the OD bond in the HOD molecule has also been measured. The term values for all the available OH(X) and OH(A) rovibrational levels have been determined accurately from spectroscopic data [7] . In combination with the program designed in our lab, the total product translational energy spectra such as Fig.2 and Fig.3 could be simulated completely. Substantial dynamical results have been obtained from this method [3, 4, 6−11, 14−18] . There is a variable parameter "the available energy of dissociation from the excitation energy of HOD to produce the lowest quantum level of OH(X 2 Π 3/2 , v=0, N =1)", which has been ascertained when the simulated spectra fully identical with the experimental spectra. For the excitation energy of 1 10 -0 00 transition, which is known accurately to be 80713.6 cm −1 , while the total available energy of dissociation from the 0 00 level of HOD to produce the lowest quantum level of 
IV. CONCLUSION
We have investigated the photodissociation dynamics of jet-cooled HOD via the C state around 124 nm using the high resolution Rydberg H(D)-atom tagging technique. The rotational-state-specific action spectrum shows five clearly resolved transition lines, and the corresponding total product translational energy distribution spectra for representative lines present the rovibrational state distributions of OH(X)/OD(X) and OH(A)/OD(A) products. Branching ratios between H+OD and D+OH channel of the five transitions for the C-X transition have been estimated to be larger than 1, which means that the dissociation process of HOD favors the route to H+OD channel. The comparison between the ratios of C-X transition with those of the B-X and A-X transitions shows that the isotopic branching ratio (OD/OH) is a strong function of the frequency of the dissociation photon. In addition, we have also determined the accurate OD bond dissociation energy of HOD to be 41751.3±5 cm −1 , which is the supplement of the dissociation energies of water and its isotopes.
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